addition, including dry bean in the human diet increases K, P, Ca, Mg, boron (B), sulfur (S), and Fe (Akçin, 1988) .
Former studies showed the following results for mineral contents: 81.71-136.83 ppm for Fe, 0.69-1.26 mg/g for Ca, 2.65-5.77 mg/g for K, 0.43-0.61 mg/g for Mg, and 0.2-0.5 mg/g for P in Eruca sativa L. and Diplotaxis tenuifolia L. accessions (Bozokalfa et al., 2009 ); 17-62 ppm for Fe, 12-18 ppm for Zn, 266-944 ppm for Ca, and 787-1.089 ppm for Mg in potato (Brown et al., 2012) ; 41.5-53.0 ppm for Fe and 7.8-12.9 ppm for manganese (Mn) in potato ; and 200.0-426.1 mg/100 g and 93.3-315.6 mg/100 g for Mn, .5 mg/100 g and 18.8-56.2 mg/100 g for Ca, mg/100 g and 181.6-296.1 mg/100 g for K in cabbage parents and hybrids, respectively (Singh et al., 2009) . A previous study reported that amounts of K, Mn, and Zn might be increased by selecting convenient genotypes of the Eruca sativa L. and Diplotaxis tenuifolia L. plants (Bozokalfa et al., 2009) . Brown et al. (2012) investigated genetic variation among advanced potato breeding clones for tuber Ca and Mg amounts and the extent of genotype × environment interactions on these characteristics. They planted the potato genotypes in 3 distinct trials at different locations. Results of the study revealed that the genotype × environment interactions were significant in all trials. In a previous report, it was estimated that genetic variation for Cu content was moderately high . For plant breeding programs, different genotypes should be used in the trials to investigate specific adaptation abilities .
The present study is a breeding work to increase the content of protein and minerals in genotypes of the common bean. Recent studies have usually focused on the seed yield, but food quality is an important factor for human health, as well. Therefore, promising genotypes and crosses were evaluated on the basis of general combining ability (GCA) and specific combining ability (SCA) performance and some suggestions were given for better breeding approaches that focus on increasing the concentrations of minerals and protein in dry bean.
Materials and methods

Plant materials
The 6 genotypes (PV1, PV2, PV3, PV4, PV5, and PV6) used as lines (females) were the advanced generations of true breeding lines having high protein and mineral contents reported by Ceyhan et al. (2008b) , Ülker and Ceyhan (2008) , Harmankaya et al. (2009) , and Varankaya and Ceyhan (2012) . The 3 testers (males), Sehirali 90, Akman 98, and Yunus 90, are registered by the Agricultural Research Institute of Transition Zone, Turkey. These varieties are produced commercially in many parts of Turkey (Ceyhan, 2004) .
Site and soil
Konya is located at 32°31′N, 37°52′E at an altitude of 1020 m above mean sea level. According to the meteorological data of 2009, the average daytime temperature was 20.9 °C for the 5-month period that coincides with the common bean's growing season. The total precipitation and relative humidity were 77.0 mm and 43.5%, respectively, which were less than the 27-year average (83.8 mm and 46.7%). The soil in this region is mostly clay-loam, with an average level of organic matter of 2.25% at a depth of 0-30 cm and lower percentages at 30-60 cm depth. The available P content ranged from 13.4 kg ha -1 to 17.9 kg ha -1 and Zn varied from 0.32 ppm to 0.34 ppm, which is considerably low for common bean cultivation. Low presence of these elements in the soil was largely due to the high rate of lime, which was 34.4%-37.6%, with pH 8.00-8.05. According to the soil analysis, the levels of Fe (8.74-14.74 ppm), Cu (1.70-1.74 ppm), and Mn (7.50-5.76 ppm) were sufficient.
Field experiment
The trial was conducted in the year 2008 with the first sowing on 20 April. Sowing was continued every other 10 days for 4 different sowing dates. Staggered planting was done to facilitate hybridization program. The sowings were made with rows of 2 m in length, 1 m of interrow distance, and 20 cm of distance above rows for easier hybridization (Ceyhan and Kahraman, 2013) . The hybridization process was performed according to Eser (1974) , Ceyhan (2003) , and Ceyhan and Kahraman (2013) , as explained below. The 9 genotypes were subjected to hybridization in 2008 with line × tester methods (Singh and Chaudhary, 1979; Ceyhan, 2003; Ceyhan et al., 2008b) .
The experiment was set up according to the randomized complete block design with 3 replications at the trial site of Selçuk University, Konya, Turkey. The parents and crosses were sown on 15 May 2009 in a single row that was 2 m long by 50 cm wide, with 20 cm between plots. Ten seeds per plot were sown at a depth of 5 cm. Diammonium phosphate (18N-46P) fertilizer was applied at a rate of 150 kg ha -1 during sowing. Sprinkler irrigation was provided to the plots for germination and stem elongation. Later, drip irrigation was provided up to 5 times, depending on soil moisture level. Hand weeding was done to keep the experimental field weed-free. Plots were harvested manually, from 28 August to 8 September 2009, depending on the maturity of the genotypes.
Protein content
After the harvest, samples of parents and F 1 hybrids were prepared separately from each plot. The seeds were thrashed manually to remove all useless matter such as dust and stones. A total of 30 g of sample was taken from each plot. The samples were ground and dried at 50 °C for 48 h. N content in the ground samples was determined by using a Kjeldahl device (AACC, 1990) . The nitrogen values were multiplied by using 6.25 coefficients to calculate crude protein ratio.
Mineral analysis
The samples were dried in a drying cabin at 65 °C until dry weight was achieved. A total of 0.3 g was weighed from the samples and added to 5 mL of concentrated HNO 3 and 2 mL of H 2 O 2 (30% w/v). This solution was dissolved in a microwave (Cem-MARSx press) under high temperature (210 °C) and pressure (200 psi). The dissolved samples were added to deionized water to reach a final volume of 20 mL. Concentration of the minerals in the samples were determined by ICP-AES (Varian Vista). Each step of the procedure was strictly followed to standard reference (Burt, 2004 ) materials of US National Institute of Standards and Technology. 2.6. Statistical analysis F 1 breeding values of the plant material were calculated and evaluated by analyzing the data on heterosis and combining ability for protein and mineral contents. Variance analysis was done by using the means of investigated quality traits. The line × tester method (Kempthorne, 1957; Singh and Chaudhary, 1979) was followed to analyze genetic components of each characteristic. Midparent heterosis (MPH) was calculated by using the formula of Sarawat et al. (1994) : MPH = [(value of F 1 -mean of parents) × 100] / mean of parents.
Results
Line × tester analysis was applied to all measured protein and mineral contents of the genotypes, which showed significant differences in terms of statistical analysis (Table  1 ). Variance components of the minerals (Table 1) showed higher s² sca values than s² gca values for all of the features. Nine parents (6 lines and 3 testers), along with 18 F 1 hybrids, showed a wide range of variability for protein and mineral content (Table 2 ). In general, hybrid protein content was the same as in the parental lines except for PV2, Akman 98, and Yunus 90. Most of the F 1 hybrids were also rich in Fe, Zn, Mg, and S content compared to parents. Protein, B, Mn, and Ca contents were estimated to be lower in F 1 hybrids than in high parents (Table 2) . GCA estimates of the 9 genotypes for 10 characters showed that PV2, PV4, PV5, Sehirali 90, and Yunus 90 were the best combiners for protein content (Table 3 ). The PV3 line was a poor general combiner when mineral content was considered, except for Zn, Ca, and P, while line PV4 was a poor general combiner for many of the analyzed minerals, except B, Zn, and K, in addition to having low protein content. Tester Akman 98 was a poor general combiner for all minerals studied. Yunus 90 only showed poor general combining for K. PV1, PV6, and Yunus 90 was a good general combiner for B; PV1, PV2, PV5, and Yunus 90 for Fe and Mn; PV1, PV3, PV4, PV5, and Sehirali 90 for Zn; PV3, PV6, and Yunus 90 for Ca; PV1 and PV4 for K; PV5 and PV6 for Mg; PV2 and PV6 for P; PV1, PV2, and Yunus 90 for S content (Table 3) .
The estimates of SCA for the 10 characters in 18 crosses resulted in 6 crosses. PV1 × Akman 98, PV2 × Akman 98, PV3 × Sehirali 90, PV4 × Yunus 90, PV5 × Yunus 90, and PV6 × Sehirali 90 demonstrated highly significant SCA effects for protein content (Table 4) (Table 4) .
Genotypic effects in the investigated traits and heterosis were observed in F 1 , particularly for protein and certain mineral content (Table 5) . Heterosis values for Zn and Mg content were significantly positive in all of the F 1 hybrids except for PV3 × Sehirali 90, implying the presence of additive gene action involving the traits (Ceyhan and Avci, 2005; Avci and Ceyhan, 2006 5). Means of heterosis in F 1 hybrids were positive for Zn (32.02%), Mg (10.69%), Fe (6.84%), S (13.74%), P (2.42%), and K (0.59%), while they were negative for protein (-0.70%), B (-3.52%), Mn (-27.04%), and Ca (-2.00%) in the dry bean genotypes (Table 5) .
Discussion
Only K content demonstrated significant differences among the bean lines. Testers exhibited nonsignificant differences for all traits investigated. However, the interaction of line × tester showed significant differences for all traits. That may be due to nonadditive effects, such as supplemental epistasis effects in the bean. A similar study on the ridge gourd (Luffa acutangula Roxb.) showed that the content of P, K, Ca, S, Fe, Zn, and Mn exhibited higher values of dominance variance than additive genetic variance, greater-than-unity values of average degrees of dominance, and low narrow-sense heritability (less than 50%). Mineral content of the fresh fruits were predominantly ascribed to the nonadditive genetic component.
The value of the s² gca /s² sca ratio was less than 1 for the accumulation of mineral elements, indicating that nonadditive gene effects such as dominance and epistasis were both or individually involved in expression of the traits. Content of mineral elements in the bean showed lower s² D than s² H , indicating significant nonadditive gene action for the trait. Hence, these economic traits are under the control of nonadditive gene effects, and one can utilize direct selection to develop bean varieties with improved mineral and protein content (Ceyhan et al., 2008a; Singh et al., 2012) . In addition, the identification of parents by their high mean and positively significant GCA effects for these traits is important for improvement of the cultivated genotypes. A previous study reported the importance of additive gene effects over nonadditive gene effects for Fe and Zn in the common bean (Guzman-Maldonado et al., 2003; Singh et al., 2012) . Similarly, Blair et al. (2009) revealed that, in the common bean, the inheritance of accumulation of both Fe and Zn was predominantly quantitative in a recombinant inbred line population derived from a cross of low × high mineral genotypes. In other studies, however, monogenic inheritance for seed Zn accumulation was reported (Forster et al., 2002; Cichy et al., 2005) . Another study investigated inheritance and correlation for mineral concentrations such as Fe, Zn, Cu, Mn, K, and Ca in cabbage (Brassica oleracea var. capitata L.). For the field trials, a total of 71 cabbage genotypes were used as material, which included cultivars, germplasms, and F 1 hybrids. The investigated minerals differed very significantly and suggested the presence of an adequate value of variability. A high rate for heritability (more than 80%) in high genetic advances and the rate (more than 40%) of uptake and accumulation of Fe, Zn, Cu, Mn, and Ca indicated the predominance of additive genes that could be improved by hybridization according to the selection breeding method. As a result, it was revealed that the inheritance and correlation for mineral concentrations would be useful for developing mineralrich and productive genotypes (Singh et al., 2013) . In this study, only PV3 was found to be a good general combiner for protein and minerals. The effect of GCA was high, owing to the effects of additive and additive × additive genes (Guzman-Maldonado et al., 2003; Ceyhan and Avci, 2005; Avci and Ceyhan, 2006; Ceyhan et al., 2008a; Blair et al., 2009; Singh et al., 2012; Ceyhan and Kahraman, 2013) . These genes are favorable to breeding works. The GCA value of the used genotypes showed that none of the parents were remarkable in a positive direction when considering the investigated mineral contents. This situation could be explained by the amount of and demand for multiple crossings between optimum couples to develop mineral-enriched genotypes (Singh et al., 2012) .
The most promising specific combiners for protein and minerals were PV1 × Yunus 90 and PV6 × Sehirali 90. That could be due to the presence of high magnitudes of nonadditive complementary epistatic effects (GuzmanMaldonado et al., 2003; Ceyhan et al., 2008a; Blair et al., 2009; Singh et al., 2012) . This finding is in line with the results of Ceyhan (2003) , and PV6 × Yunus 90 for Mg had significant estimates of both SCA effects and heterosis, suggesting the prevalence of nonadditive gene action for these traits in the crosses (Guzman-Maldonado et al., 2003; Ceyhan and Avci, 2005; Avci and Ceyhan, 2006; Ceyhan et al., 2008a; Blair et al., 2009; Singh et al., 2012) . Therefore, selection of these traits in conventional breeding methods would not be effective in such crosses (Ceyhan and Avci, 2005; Ceyhan et al., 2008a; Singh et al., 2012) . A similar result was also reported by Ceyhan (2003) for protein content in pea.
This study revealed the importance of nonadditive gene effects in protein and minerals in bean. Among the parental lines, PV2 and Yunus 90 were the best general combiners for protein content, along with other traits, and thus could be used in bean improvement programs. The most promising specific combiners for protein content and other traits were PV1 × Akman 98, PV2 × Akman 98, and PV5 × Yunus 90, which could be utilized in hybrid bean development. Mineral content was identified as the best selection criterion in bean breeding. Singh et al. (2009) studied cabbage (Brassica oleracea var. capitata L.) to determine the heterosis for mineral elements (Fe, Zn, Cu, Mn, K, and Ca). They found significant mean squares in parents and hybrids for all minerals, which indicated the prevalence of sufficient variation. Results of that study showed that none of the hybrids had potential for all the minerals, suggesting the need for multiplecrossing breeding works such as 3-way cross-hybrid, double cross-hybrid, population improvement, synthetics, or composites to increase the mineral content in cabbage head without decreasing its vigor advantage for yield and other economic characteristics. Mineral composition is an important characteristic for the human diet, besides being an important factor for harvesting, processing, transportation, classifying, packaging, and other features (Akçin, 1988) .
Consequently, the results of the present study revealed that, for the purpose of increasing protein and mineral content in the common bean, selection of parents should be based on per-seed content in addition to combining ability and heterosis.
